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Microtubules play a central role in the establishment
of cell polarity by directing the transport of polarity
determinants to their site of action. Recent work has
revealed a novel membrane-anchoring mechanism
which complements the microtubule transport of the
fission yeast polarity determinant tea1p to ensure its
retention at the cell tip.
Cell polarity is a fundamental property of eukaryotic
cells, important both for their function and, in the case
of metazoans, for development of the organism as a
whole. To establish cell polarity, determinants that
specify cell fate or cell shape are transported to spe-
cific locations in the cell along microtubule tracks. In
Drosophila oocytes, for example, germline determi-
nants accumulate at the posterior of the cell by a
mechanism that involves their transport towards
microtubule plus-ends [1]. In neurons, the polarised
microtubule cytoskeleton guides the kinesin- and
dynein-mediated movement of proteins and RNA
molecules to their respective axonal and dendritic
compartments [2]. The microtubule cytoskeleton is
also important for the migration of mammalian fibrob-
lasts, and appears to contribute to the transport of
secretory vesicles and the regulation of the actin
cytoskeleton and of focal adhesions [3]. Although
directed transport of determinants is important in all
these cells, in most cases, it not known whether
microtubule transport is sufficient for localisation, or
whether mechanisms are also required to anchor the
determinants in specific locations.
The fission yeast Schizosaccharomyces pombe is an
excellent species in which to study three-dimensional
organisation, as the precise localisation of growth sites
to opposite ends of the cell is necessary to maintain its
characteristic rod-shape. To grow as a rod, a fission
yeast cell must position polarity factors and actin in a
spatially accurate way at the cell tips. A dynamic
system of microtubules appears to be responsible for
keeping these cells growing straight [4]. A fission yeast
cell contains three to five bundles of microtubules,
which are nucleated from interphase organising
centres located around the centrally placed nucleus
[5,6]. Each of the microtubule plus ends grows towards
the cell tip, touches it for 1–2 minutes and then shrinks
back to the nucleus. Regulation of such microtubule
‘catastrophes’ ensures that microtubules generally
only shrink upon contact with the cell tips [7].
These dynamic microtubules play a central role in cell
morphogenesis, in part by mediating the localisation of
the kelch-repeat protein tea1p to cell tips [8]. Tea1p is
necessary for the maintenance of diametrically
opposed growth sites: mutations in tea1 lead to mis-
placement of the site of growth to an ectopic central
location and the consequent formation of T-shaped
cells [8]. Tea1p is located on the plus ends of micro-
tubules and in additional dots concentrated at the cell
tips. Live observation using a tea1p fusion with the
green fluorescent protein (GFP) has shown that tea1p-
containing particles travel on the plus ends of growing
microtubules towards cell ends; when the microtubule
depolymerises, tea1p appears to be left behind at the
cortex [9] (F.C., unpublished observations). Tea1p local-
isation on microtubule plus ends also depends on
tea2p, a kinesin-like protein, and tip1p, the S. pombe
homologue of the microtubule plus-end-binding protein
CLIP170, highlighting the essential role of microtubule
plus-end-directed transport in this process [7,10].
Recent work by Snaith and Sawin [11] has now
shown that, once tea1p is delivered to the cell tip by
the microtubule, it needs to be docked by a novel
membrane-anchoring mechanism. In a genetic screen
for mutants exhibiting aberrant morphology, the
authors identified a novel gene morphology defective
5 (mod 5): mod5∆ mutant cells show a low frequency
of T-shaped cells, a phenotype similar to, though
weaker than, that of tea1∆ mutants. Although tea1p is
still localised properly to the microtubule plus ends,
the cell tip localisation of tea1p is dramatically
reduced, and the residual tea1p dots positioned at cell
tips are ones still on the microtubule plus-ends. Time-
lapse microscopy suggests that, in a mod5∆ mutant,
tea1p particles either disassemble or move back with
the shrinking microtubule. When all the microtubules
are depolymerised, tea1p is absent from the cell ends
in mod5∆ cells. This phenotype suggests that mod5∆
mutants are defective in docking or stabilising tea1p
at the cell tip.
Mod5p has characteristics expected of a membrane
anchor: it is a novel protein with a prenylation site
(CaaX motif) responsible for its plasma membrane
localisation. Mod5p is concentrated at the membrane
in caps at the cell tips where tea1p is deposited. As
sterol-rich membrane domains — indicative of lipid
rafts — are also concentrated at cell tips, lipid rafts in
the plasma membrane may contribute to the polarised
distribution of the prenylated mod5p [12]. The mod5p
amino-acid sequence, however, does not give any
strong hints as to how it may function to anchor tea1p.
Whether mod5p directly binds to tea1p or acts
through intermediaries is not yet known. Although
actin networks have been proposed to anchor
organelles at the cortex [13], mod5p probably does
not act through actin, as the docking of tea1p has
previously been shown to be actin independent [8].
These results suggest a two-step model for the
stable positioning of tea1p at cell tips (Figure 1). First
tea1p particles are transported towards the cell tips
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on growing microtubule plus-ends in a tip1- and tea2-
dependent manner. When the microtubule shrinks
back, tea1p is released from the microtubule and
anchored to the plasma membrane in a mod5p-
dependent manner. 
This model raises the question of how tea1p is
released from the microtubules and transferred to its
docking site. In mod5∆ mutants, tea1p dots are
observed to exhibit bidirectional movements, implying
that, in the absence of its cortical anchor, tea1p
remains bound to at least some depolymerising
microtubules. This observation suggests that docking
may help to release tea1p from the microtubule.
Microtubule shrinkage may be sufficient to lower the
affinity of tea1p for the microtubule and favour binding
to its cortical partner. Alternatively, tea1p may be
actively removed from the microtubule. 
One possibility is that tea1p may be post-transla-
tionally modified by an enzyme located at the cell tip,
inducing a decrease in its affinity to the microtubule
and an increase in its affinity to the cortical anchor.
Interestingly, tea1p has recently been shown to be
phosphorylated by the kinase shk1p, a member of the
Pak family of serine/threonine kinases which is
located at cell tips [14,15]. In support of the idea that
this phosphorylation event is necessary for tea1p
function, shk1 mutant cells exhibit patterns of growth
very similar to that of tea1∆ cells [14]. But the
possibility that phosphorylation by shk1p plays a role
in the docking of tea1 still remains to be examined.
In this hand off from the microtubule to the cortex,
tea1p may be transferred from one set of binding
partners to another. Indeed, tea1p fractionates in three
different complexes of large molecular weight [16].
Interestingly, these complexes appear to contain dif-
ferent proteins; one tea1p complex contains tip1p,
while the others contain polarity factors such as bud6p
and the formin for3p [16] (B. Feierbach and F.C.,
unpublished observation). It will be interesting to deter-
mine the possible effects of mod5p and shk1p on
these complexes
Although the two-step model described above is
attractive for its simplicity, a number of results suggest
that the relationship between tea1p and mod5p may
be more complex. Not only is mod5p necessary to
localise tea1p at cell tips, tea1p is needed for mod5p
localisation [11]. Indeed, in tea1∆ mutants, mod5p is
now evenly distributed all around the cortex (although
tea1∆ cells still grow in a polarised manner at one tip).
Tea1p and mod5p may thus be part of a positive feed-
back mechanism that promotes each other's localisa-
tion. This mechanism may ensure a precise, but
dynamic placement of growth sites, allowing for rapid
disassembly of a site of growth, for instance when a
cell needs to orient towards its mating partner [17]. 
The discovery of mod5p and its function in the main-
tenance of tea1p localisation highlights the point that
transport mechanisms along cytoskeletal elements may
not be sufficient to ensure accumulation of determi-
nants at their site of action. Anchoring of determinants
to distinct membrane domains also plays an important
role in cell polarisation and closely cooperates 
with transport mechanisms to promote their spatial
restriction. Future research should tell us whether this
principle extends to other polarised cell types.
References
1. Brendza, R.P., Serbus, L.R., Duffy, J.B., and Saxton, W.M. (2000). A
function for kinesin I in the posterior transport of oskar mRNA and
Staufen protein. Science 289, 2120-2122.
2. Goldstein, L.S., and Yang, Z. (2000). Microtubule-based transport
systems in neurons: the roles of kinesins and dyneins. Annu. Rev.
Neurosci. 23, 39-71.
3. Palazzo, A.F., and Gundersen, G.G. (2002). Microtubule-actin cross-
talk at focal adhesions. Science STKE, PE31.
4. Radcliffe, P., Hirata, D., Childs, D., Vardy, L., and Toda, T. (1998).
Identification of novel temperature-sensitive lethal alleles in essen-
tial beta-tubulin and nonessential alpha 2-tubulin genes as fission
yeast polarity mutants. Mol. Biol. Cell 9, 1757-1771.
5. Drummond, D.R., and Cross, R.A. (2000). Dynamics of interphase
microtubules in Schizosaccharomyces pombe. Curr. Biol. 10, 766-
775.
6. Tran, P.T., Marsh, L., Doye, V., Inoue, S., and Chang, F. (2001). A
mechanism for nuclear positioning in fission yeast based on micro-
tubule pushing. J. Cell Biol. 153, 397-411.
7. Brunner, D., and Nurse, P. (2000). CLIP170-like tip1p spatially orga-
nizes microtubular dynamics in fission yeast. Cell 102, 695-704.
8. Mata, J., and Nurse, P. (1997). tea1 and the microtubular cytoskele-
ton are important for generating global spatial order within the
fission yeast cell. Cell 89, 939-949.
9. Behrens, R., and Nurse, P. (2002). Roles of fission yeast tea1p in the
localization of polarity factors and in organizing the microtubular
cytoskeleton. J. Cell Biol. 157, 783-793.
10. Browning, H., Hayles, J., Mata, J., Aveline, L., Nurse, P., and McIn-
tosh, J.R. (2000). Tea2p is a kinesin-like protein required to gener-
ate polarized growth in fission yeast. J. Cell Biol. 151, 15-28.
11. Snaith, H.A., and Sawin, K.E. (2003). Fission yeast mod5p regulates
polarized growth through anchoring of tea1p at cell tips. Nature
423, 647-651.
12. Wachtler, V., Rajagopalan, S., and Balasubramanian, M.K. (2003).
Sterol-rich plasma membrane domains in the fission yeast
Schizosaccharomyces pombe. J. Cell Sci. 116, 867-874.
13. Fath, K.R., Trimbur, G.M., and Burgess, D.R. (1994). Molecular
motors are differentially distributed on Golgi membranes from
polarized epithelial cells. J. Cell Biol. 126, 661-675.
14. Kim, H., Yang, P., Catanuto, P., Verde, F., Lai, H., Du, H., Chang, F.,
and Marcus, S. (2003). The Kelch repeat protein, Tea1, is a poten-
tial substrate target of the p21-activated kinase, Shk1, in the fission
yeast, Schizosaccharomyces pombe. J. Biol. Chem. in press; pub-
lished electronically ahead of print on May 22, manuscript
M302609200.
Dispatch
R712
Figure 1. A model for the localisation of tea1p to cell tips in
fission yeast. 
(1) Tea1p is transported to cell tips on the plus-ends of growing
microtubules, in a tip1p- and tea2p-dependent manner. 
(2) Coincident with microtubule shrinkage, tea1p is released
from microtubules and stabilised at the plasma membrane in a
mod5p-dependent manner. Mod5p is anchored in the plasma
membrane by virtue of its prenylation. (3) Tea1p functions to
regulate cell polarity by associating with other polarity factors.
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